Abstract. The tumor microenvironment of hepatocellular carcinoma (HCC) is a complex system, involving mutual promotion and inhibition between cells and molecules. It results in alterations to inflammatory-associated factors, including a decrease in interleukin
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common malignancy in the world, and its morbidity and mortality rates are ranked fourth and third, respectively, in China (1) . Therefore, HCC is a serious public health concern (2) . Progress has been made in the treatment of HCC, and the 5-year survival rate is now ~70% following early liver resection or liver transplantation. However, >80% of patients experience tumor recurrence following surgery, and relapse frequently reflects a lack of effective adjuvant therapy, making patient prognosis following surgical excision unsatisfactory (3, 4) . Therefore, identifying novel indicators to prevent postoperative HCC recurrence and improve long-term survival is urgently required.
The occurrence and development of HCC are closely associated with the tumor microenvironment. Numerous reports have demonstrated the role of tumor-associated macrophages (TAMs) in promoting tumor blood vessel growth, lymphangiogenesis, immune suppression and other mechanisms in tumor progression (5, 6) . TAMs-M1 secrete interleukin (IL)-1β, IL-6 and tumor necrosis factor-α, and exert their antitumor effects by presenting tumor antigens to cytotoxic T lymphocytes (7, 8) . TAMs-M2 inhibit the immune response of tumor cells via the action of cytokines, including IL-4, IL-13, IL-10 and prostaglandin E2 in the tumor microenvironment. Additionally, the release of IL-10, IL-6 and transforming growth factor may directly or indirectly promote tumor angiogenesis, growth and metastasis (9, 10) .
The role of IL-6 in HCC is controversial. Yang et al (11) observed that lower levels of IL-6 expression in HCC prolonged overall survival (OS) and reduced the likelihood of tumor recurrence. However, Cho et al (12) reported that high levels of serum IL-6 in patients with HCC predicted long-term disease-free survival (DFS). Although IL-6 is closely associated with the occurrence, development and recurrence of HCC, these discrepancies indicate that the function of IL-6 in HCC requires further study. Additionally, the majority of studies have investigated the association between HCC prognosis and serum IL-6 levels, as opposed to tissue IL-6 levels (13, 14) . Following its synthesis and release, IL-6 binds to IL-6R on the surface of HCC cells (15) . Therefore, in the present study, immunohistochemistry (IHC) was used to detect the levels of IL-6 and IL-6R in the tumor tissue of 92 patients with HCC. The association between IL-6 levels in tumor tissue and postoperative recurrence was analyzed. The current study may provide the basis for an evaluation of postoperative recurrence in patients with HCC. IHC evaluation. Two pathologists, who were blinded to the clinical data, interpreted the results simultaneously. If the interpretations were different, the results were discussed with a third party until a consensus was reached. Under an optical microscope, positively stained cells displayed yellow or brown coloring in the cytoplasm. A total of ten fields were observed under high magnification (X400), and the percentage of positive cells was calculated. Cells without coloring scored 0, while those displaying light yellow, brown and tan scored 1, 2 and 3 points, respectively. A second score was obtained by determining the percentage of positive cells: <5%, ≥5%, ≥26%, ≥51% and ≥75% scored 0, 1, 2, 3 and 4 points, respectively. The two scores were summed, and a total of ≤4 represented low expression levels, while a score of >4 represented high expression levels. All patients were divided into high or low groups according to the results from the IHC. Patients with high expression levels of IL-6 and IL-6R were classified as the high expression group, while those with low expression levels of IL-6 and IL-6R, high IL-6 and low IL-6R, or low IL-6 and high IL-6R expression levels were designated as the low expression group. Representative figures are displayed in Fig. 1 .
Materials and methods

Patient information.
Patient follow-up. Close follow-up was performed for all cases that met the inclusion criteria. Follow-up took the form of outpatient visits, telephone calls, or correspondence. For the first 2 years following the review, follow-up took place every 3 months. For the subsequent 3 years, follow-up took place every 6 months; thereafter, an annual review took place. Reviews included an α-fetoprotein liver function test, abdominal ultrasound and chest radiography. If necessary, enhanced CT or magnetic resonance imaging were performed together with biopsy and other tests. Recurrence was defined as the confirmation of new or intrahepatic lesions by imaging studies or biopsy. The DFS time was defined as the time from surgery until recurrence or the end of follow-up. The OS time was defined as the time from surgery until mortality or the end of follow-up. DFS and OS were calculated on a monthly basis, and the follow-up deadline was March 2017.
Statistical analysis. All statistical analyses were performed using SPSS software version 19.0 (IBM Corp., Armonk, NY, USA). The χ 2 test, continuous correction χ 2 test and Fisher's exact test were used to analyze the association between IL-6/IL-6R expression and clinicopathological characteristics. DFS and OS were assessed using Kaplan-Meier curves. The log-rank test was used to compare the expression of IL-6/IL-6R with recurrence and survival. The Cox proportional hazards model was used to screen variables for unilateral and multivariate analysis of HCC recurrence. A two-sided P<0.05 was considered to indicate a statistically significant difference.
Results
Association between the expression levels of IL-6/IL-6R in a HCC microenvironment and clinicopathological characteristics.
The expression levels of IL-6 and IL-6R were detected by IHC. A proportion of interstitial cells were weakly stained with highly diffused or diffused brown granules (Fig. 1) . High expression levels of IL-6 and IL-6R was detected in 22.8% (21/92) of HCC tissues. The associations between IL-6/IL-6R expression in the HCC microenvironment and various clinicopathological characteristics of patients with HCC were analyzed by the χ 2 test, as displayed in Table I . No significant associations were observed between IL-6/IL-6R expression and sex, age or liver cirrhosis (P=0.128, 0.606 and 0.439, respectively; Table I ). Fig. 2B ).
Association between the expression levels of IL-6/IL-
Univariate and multivariate analysis of DFS (Cox risk regression model).
The factors that may influence HCC recurrence were individually included in the Cox proportional hazard model for univariate analysis. The results demonstrated that TNM stage, IL-6/IL-6R expression, and levels of platelet (PLT), prothrombin (PT), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) significantly affected the postoperative recurrence of HCC (P<0.05), while sex, age, and hepatitis B virus (HBV) infection had no significant effect (P>0.05). Those factors identified as significant in univariate analysis underwent multivariate Cox regression analysis, which demonstrated that the levels of PT, ALT and AST did not significantly affect postoperative recurrence in patients with HCC (P>0.05). However, PLT levels <100x10 9 /l (P=0.008), TNM stage IIIa (P=0.012) and high expression levels of IL-6/IL-6R (P=0.013) were independent risk factors for recurrence.
Discussion
HCC is a serious public health concern (2). Although a variety of treatments are currently available for HCC, surgical resection and liver transplantation remain the first choice (17) , and relapse frequently reflects a lack of effective adjuvant therapy, making patient prognosis post-surgical excision unsatisfactory (4). Therefore, identifying an effective indicator to prevent the postoperative recurrence of HCC is crucial. Inflammation and immune-associated factors are known to have an impact Table I . Correlation between IL-6/IL-6R expression and clinicopathological characteristics. (19) (20) (21) (22) . In the present study, IL-6 expression levels as an indicator of HCC recurrence following surgery was evaluated. IL-6 binds to IL-6R on the target-cell surface in order to activate the Janus kinase/signal transducers and activators of transcription (STAT) pathway, in the promotion of HCC (23) (24) (25) (26) (27) . IHC was used to detect IL-6 and IL-6R expression levels in the tumor microenvironment of patients with HCC, with the aim of evaluating the long-term prognosis of HCC following surgical treatment. Previous studies (13, 14, 28) reported a strong association between high circulating blood levels of IL-6 and poor prognosis in HCC, and also reported that the higher the serum concentration of IL-6, the larger the HCC tumor volume, the more advanced the stage and the worse the prognosis. Yang et al (11) inhibited the activity of the IL-6-IL-3 signaling pathway through the overexpression of microRNA-26a, which reduced the effect of IL-6 in HCC, resulting in increased OS times, delayed relapse times and an improved prognosis; together, these results suggested that high levels of IL-6 may be positively correlated with poor prognosis. The present study demonstrated that high expression levels of IL-6 and IL-6R in the HCC microenvironment may be associated with markedly earlier tumor recurrence compared with low expression levels of IL-6 and IL-6R. This is in accordance with previous studies, which reported that high IL-6 and IL-6R expression levels in the HCC microenvironment may promote postoperative HCC recurrence. However, the present study also demonstrated that the OS times of patients with high IL-6 and IL-6R expression levels did not differ significantly compared with those with low expression levels, which contrasts with the results of Jang et al (13) . This difference may be the result of recurrence patterns, treatment modalities following recurrence, baseline liver function and tumor number, which may influence OS following recurrence in patients with HCC (29) (30) (31) .
IL-6 and IL-6R, n (%) ---------------------------------------------------------------
The present study demonstrated that high IL-6 and IL-6R expression levels are an independent risk factor for the postoperative recurrence of HCC. Sheng et al (32) reported that preoperative IL-6 serum levels may be a potential biomarker for early prediction of hepatitis B virus-associated HCC recurrence. Additionally, Strassmann et al (33) demonstrated that IL-6 may regulate the state of cancer cachexia, causing the progression and worsening of disease, while He et al (34) reported that high IL-6 expression levels in HCC may be closely associated with the malignant progression of HCC. Together, these results indicate that IL-6 and IL-6R may serve an important role in the occurrence and development of cancer in the HCC microenvironment.
The present study also demonstrated that TNM stage IIIa may be an independent risk factor for the postoperative recurrence of HCC, which is similar to the findings of Kim et al (35) . In recent years, a variety of staging systems and clinicopathological factors have been combined in order to predict the prognosis of HCC (36), and Metwaly et al (37) reported that serum IL-6 levels positively correlated with HCC staging. This highlights the importance of early detection, prompt diagnosis and timely surgery in order to reduce the clinical staging of preoperative tumors, prevent postoperative recurrence and improve prognosis. The present study reports that there is no association between IL-6 levels in the microenvironment and TNM staging, which may reflect the small number of cases analyzed.
Alterations in PLT levels are currently attributed to the effects of serum IL-6 levels. Elevated serum IL-6 promotes the expression of thrombopoietin, and cooperates with IL-3, IL-11 and stem cell factor to stimulate large-scale expansion and premature maturation of the bone marrow megakaryocyte cell line, which is involved in the formation of platelets (38) . While serum IL-6 levels were not analyzed in the present study, no association between IL-6 levels in the local microenvironment and PLT levels in the blood were reported. Therefore, levels of IL-6 in the local microenvironment are not thought to affect whole serum IL-6 expression levels. Moreover, PLT levels of <100x10 9 /l were demonstrated as an independent risk factor for postoperative HCC recurrence (RR=2.267, Table II), which is consistent with the findings of Amano et al (39) and Kaneko et al (40) .
In conclusion, the present study demonstrated that the expression levels of IL-6 and IL-6R in the HCC microenvironment may correlate with postoperative HCC recurrence. However, Table II . Univariate and multivariate analysis of variables with disease-free survival. while the high expression levels of IL-6 and IL-6R promoted HCC recurrence, it did not affect postoperative survival time.
Meanwhile, TNM stage IIIa, PLT <100x10 9 /l and high expression levels of IL-6/IL-6R were independent risk factors for postoperative recurrence. This preliminary study of IL-6 and IL-6R expression levels in the HCC tumor microenvironment is a basis for future large-scale studies into disease prognosis. Further work may also allow the identification of novel treatments for HCC. Although antibodies against IL-6 have been marketed as drugs for the treatment of rheumatoid arthritis, no studies have reported the use of anti-IL-6 antibodies in HCC treatment. However, they may be a promising and effective means of enhancing long-term survival in patients with HCC.
